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Ruthenium(II) complexes of the general formula RuHCO(P<ps)L.CIhave been prepared by
replacing coordinated P<psmolecules from RuHCO(P<ps)3Clby various substituted I-phenyl-
tetrazole-S-thfones (L) under nitrogen atmosphere in benzene medium. Replacement reactions
have also been carried out with Ru(P<p3).Clzunder similar conditions using the same Iigands,
These monodentate ligands displace all but one coordinated P<p3 molecules. However, when
strong bidentate Ilgands such as thioacetic acid and thioacetamide are used, all the four coordl-
nated P.p3molecules get replaced from Ru(P.ps).CI••
HYDRIDE complexes of Ru(I1) have beena subject of much current research. Vaskaand Sloan- reported the preparation of
Ru(I) complex, Ru(PcPa)aCl, by boiling a mixture
of RuCla.4H20 and excess of triphenylphosphine
(PcPa)in monomethyl ether of ethyleneglycol. How-
ever, instead of Ru(I) complex, hydride complex,
RuH(CO)(PcPa)aCl was formed- when the reaction
was carried out at 1400. This type of reaction in
which abstraction of carbonyl group and hydride
ion from an alcoholic solvent occurs leading to the
formation of hydride-carbonyl complex is quite
well known3-12 now.
We report here the preparation of some mixed
ligand complexes of Ru(I1) by the displacement
reaction between RuH(CO)(PcPa)aCl and L-phenyl-
tetrazole-5-thione (I, L) and its various derivatives.
/N"
N C=S
II I
N--N-H
In this reaction, triphenyl phosphine gets dis-
placed easily as compared to the hydride ion and
carbonyl which resist displacement. However, we
have not been able to displace all the three coordi-
nated triphenyl phosphines from RuH(CO)(PcPa)aCl.
Nevertheless, corresponding displacement reactions
between a related compound Ru(PcPa)4C12and some
other strong sulphur ligands ,indicate that all the
coordinated triphenyl phosphine molecules can be
replaced by these sulphur ligands.
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Materials and Methods
All the chemicals used were of AR or CP grade.
RuH(CO)(PcPa)aCl was prepared by the method of
Agarwala et al.la. Pink and yellow forms of this
compound were obtained. Their elemental analysis
agreed well with the formula RuH(CO)(PcPa)~Cl.
Ru(PcPa)4C12was prepared by the method of Ste-
phenson and Wilkinson", I-Phenyltetrazole-5-thione
and its derivatives were prepared by the method
reported by Lieber et aU4 and were crystallized
from ethanol.
All the complexes were prepared under nitrogen
atmosphere using the following procedures.
(i) M onochloromonohydridobis(l-phenyltetrazole-5-
thionato) monotripheny IPhosphinatomonocarbony IRu (II)
[RuHCl(LMPcPa)COJ- RuHCO(PcPa)3Cl (0·5 g) was
dissolved in 25 ml of benzene and a solution
of l-phenyltetrazole-Scthione (0·092 g) added to it.
The mixture was filtered and the filtrate heated
on a water-bath till the volume was reduced to
about 5 ml. The contents were treated with a
mixture of ether containing ethanol (5%) and then
cooled in a refrigerator. A green complex precipi-
tated out which was filtered, washed with ether,
recrystallized from ether-ethanol and dried at 800
[Found: C, 51·0; H, 4·3; N, 12·2. Calc. for [Ru
HCl(LMPcP)aCO]: C, 50'6; H, 3'6; N, 12·O%J.
(ii) M onochloromonohydridobis (l-p-methoxyphenyl-
tetrazole - 5 - thionato )monotriphenylphosphinatomonocar-
bonyl Ru(II) [RuH(CO) (PcPa)(P-OCHa-L)2Cl] - This
complex was prepared by a method similar to that
used in (i) using 1-(p-methoxyphenyl)tetrazole-5-
thione [Found: C, 48·7; H, 4·1; N, 13·0. Calc.
for [RuH(CO) (PcPa)(p-OCHa-L)Cl] : C, 49·7; H,
3·8; N, 13·2%].
(iii) Bis(chloro)tris(l-phenyltetrazole-5-thionato)mono-
triphenylphosphinato Ru(II) [Ru(L)a(PcP3)C12J- Ru
(PcP3)4C12(0'5 g) was dissolved in the minimum
quantity of benzene and the solution was filtered.
The ligand was also dissolved in the minimum volume
of benzene and filtered hot. The two filtrates were
mixed so that Ru: ligand ratio was 1: 4. The
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mixture was heated on a water-bath and volume
reduced to 10 ml. On adding an excess of ether,
the grey coloured complex, Ru(P4>a)LaCI2, precipi-
tated out which was recrystallized from ethanol-
ether and dried [Found: C, 46·3; H, 3·3; N, 18·3.
Calc. for [Ru(L)aP4>aClz]: C, 48·4; H, 3·5; N, 17·4%].
(iv) Bis(chloro )tris{I-(p-methoxyphenyl)tetrazole-5-
thionato}monotriphenylphosphinato Ru(II) [Ru(P-
OCHa-L)3(P4>3)ClzJ- This complex was prepared
by a method described in (iii) using 1-(p-methoxy-
phenyl)tetrazole-5-thione [Found: C, 48·0; H, 4·2;
N, 15·3. Calc. for [Ru(P-OCHs-L)a(P4>3)CI2j: C,
47·6; H, 3·7; N, 15·9%].
(v) Bis(chloro )tris{ I-p-chlorophenyl)tetrazole-5-thio-
nato }monotriphenylphosphinato Ru(lI) [Ru (P-CIL)a
(P4>a)ClzJ-This was also prepared by the method
described in (iii) using 1-(p-chlorophenyl)tetrazole-
5-thione [Found: C, 40·6; H, 3·3; N, 15·3. Calc.
for [Ru(P-CI-L)a(P4>s)CI2]: C, 40·4; H, 2·8; N,
15·7%].
f:' ~ (vi) Bis(chloro )tris{I-(o-methylphenyl)tetrazole-5-thio-
nato }monotriphenylphosphinato Ru(I I) [Ru (o-OCHa
-L)S(P4>s)ClzJ- It was prepared by the method
described in (iii) using l-(o-methylphenyl)tetrazole-
5-thione [Found: C, 48·1; H, 4·3; N, 17·8. Calc.
for [Ru(o-OCHa-L)s (P4>a)C12]: C, 49·8; H, 3·9; N,
16·6%].
(vii) Bis(chloro)bis(aquo)bis(thioacetato) Ru(II)
[Ru(H20lz(TAc)zClzJ - RU(P4>S)4C12(0·1 g) was dis-
solved in the minimum volume of benzene and
filtered. A weighed quantity of thioacetic acid
was added to the filtrate in a Ru: CHsCSOH ratio
of 1: 2. The mixture was evaporated to 10 ml,
cooled and then treated with excess of ether. The
precipitated black coloured complex was filtered
and washed with a mixture of 1 : 1 ether and ethanol
and dried in vacuo over fused CaC12. The complex
was crystallized from ethanol-ether [Found: C,
13·3; H, 4·0. Calc. for [Ru(RzO)z(TAc)zClzJ: C,
12·5; H, 3·4%].
(viii) Bis(chloro)bis(thioacetamido)Ru(II)tetrahydr-
ate [Ru(CHsCSNHz)2C12].4HzO- RU(P4>a)4C12 (0·2 g)
was dissolved in benzene and filtered. 0·2 g of
thioacetamide was also dissolved in the minimum
volume of ethanol and filtered. Both the filtrates
were then mixed and heated on a water-bath till
the volume reduced to about 10 ml. An yellow
coloured complex precipitated out which was fil-
tered, washed with ether and dried in vacuo over
fused CaClz. The complex was crystallized from
ethanol-ether [Found: C, 11·9; H, 4·0; N, 6·6;
Ru, 26·4. Calc. for [Ru(CHsCSNHz)2Clz].4H;.0: C,
12·1; H, 4·5; N, 7·1; Ru, 25·6%].
Results and Discussion
RuCls.xH20 when refluxed with triphenylphos-
phine in 2-methoxyethanol gives1S, depending on
the conditions of reactions, different isomeric com-
pounds of molecular formula RuH(CO)(P4>a):;Cl.
Since both the pink (II) and yellow (IV) isomers
are non-conducting in benzene, the chlorine atom
is covalently bonded in both the isomers. 'When
replacement' reactions of the pink isomer (II) with
l-phenyltetrazole-Sct hione (L) and its derivatives
is carded out in benzene medium, two of the co-
ordinated triphenylphosphine molecules are replaced
by two ligand molecules to give the complex (III).
However, the bonded hydride ion, chlorine and C.••....O
group are not replaced even if the reaction is carried
out using large excess of L or its derivatives. Since
C.••....O group and P4>s have large trans effect, the
two replaced P4>3molecules must have been present
in positions trans to C"<-O group and one of the three
P4>a groups in the RuH(CO)(P4>3)3Cl molecule.
The yellow isomer (IV) is expected to yield the
complex (V) most easily due to the high trans effect
of P4>a group. This has been found true experi-
mentally in the present case with the yellow isomer.
Further replacement occurs under more vigorous
conditions by increasing the time of refluxing to
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about 6 hr when the disubstitution product (VI)
is obtained.
All the products obtained after carrying out
substitution reactions are non-conducting and dia-
magnetic. Therefore, these may have similar stereo-
chemistry as the parent compounds (II) and (IV).
The IR spectra (KBr) of the pink isomer (II) and
yellow isomer (IV) also support the above formula-
tions of the products. Since chlorine atom has
lower trans effect, the Ru-H bond in (II) must be
stronger than the Ru-H bond in the yellow isomer
(IV). Thus, the vRu-H band in (II) is observed
at 2135 crrr? compared to that at about 2000 cm!
in (IV). Similar observation has also been made
by Reddy and Gowda-! for carbonyl hydride com-
plexes of the type [IrHC12(CO)L2J where L is 1t-
propyldiphenylarsine.
Further, the vCO band in the pink isomer (II)
appears as a sharp strong band at 1918 cm! but
as a medium broad band at 1915 cm! in the ease
of yellow isomer (IV).
It has been shown17-20 that coordination through
sulphur leads to red shift in t hioamide bands-(IV)
(vC=5), -III (vC-.::..:N+vC-.:::S)and -II (vC=S)
whereas thioamide band-Jl7-20 (SN -H+vC=C+
vC=N) remains unaffected. In one of the present
complexes, RuHCO(p-OCHs-L)2Cl, a new band
appears at 785 crrr! 'indicating coordination of the
ligand through sulphur, because this band is present
in the uncoordinated ligand at 795 crrr+, The
thioamide band-II observed at 1220 cm! in the
spectrum of the ligand is red-shifted to 1150 and
1175 em? after splitting. Similar shifting with
loss of intensity is found for band-III but band-I
remains unaltered at 1490 crrr+, These obser-
vations suggest that the ligand coordinates through
sulphur in this complex. Similar observations are
also true for [RuH(CO)(P~3)(L)2ClJ complex. Hence
these two complexes may have structure (III).
678
Reaction of RU(P~3)4CJ2 {VII) with various sub-
stituted tetrazole-5-thiones gives ccrnplexes of the
general formula Ru(P~3)(L)3Cl2 (VIII).
However, with thioacetic acid and thioacetamide
Iigands, all the four bonded tr iphenyl phosphine
(P~3) molecules are replaced from Ru(P~3)4Cl2 to
give complexes of the type Ru(TAMH20)2Cl2.xH20.
most probably because of the fact that thioacetamide
and thioacetic acid are much more stronger ligands
than P~3 and 1-phenyltetrazole-S-thiones.
All these Iigands are coordinated through sulphur
as shown by red shift of the vC:.:.::S (band-TV] by
about 10-50 crrr".
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